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For the purpose of applying to both the intensive 
electromagnetic accelerator [1,2] and the fuel 
injector to the fusion reactor, development of an 
high current ion source capable of yielding several 
hundred amperes is on the way using a thermal 
arcjet system as shentatically shown in Fig.l. 
It has been believed that in the arc jet system 
smaller the arc constrictor bore and lower the 
operation pressure the more energetic plasma is 
produced [3], and our first design (MDL-1) equips 
laminated arc constrictor of the bore 1 mm<)> and 
10 mm long and limits the maximum operating 
cathode chamber pressure p0 to 14 k.Pa. Pressure 
scan was chosen to be the first subject. Although 
no reproducible arc ignition was possible below 4 
kPa, it was contrrmed that higher the pressure 
more becomes discharge stable. Typical V-I 
characteristic of the MDL-1 at the current level of 
170 A and p0 of 14 kPa is shown in Fig. 2. 
These experimental results had posed us the very 
basic problem what is the optim urn design 
including operating pressure. And we started the 
analysis for the answer about the general arcjet 
configuration in Fig.1. Equation of motion along a 
straight stream line may be written as 
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where X is the ionization degree, jm the equivalent 
mass current density, j the arc current density 
having negative sign and wH the net heat release 
to accelerate the flow down stream. We may learn 
many physics in eq.(l). For instance, if the 
constrictor is long enough and sufficient arc 
current is induced, the system achieves the 
balanced state of M = 1 and w H = 0. In the first 
place, we have solved wH = 0 to see the relation 
of the cathode pressure p0 and jm or the total 
output ion beam current equivalent Ji under the 
given total arc current ] . We find that high 
pressure atmospheric case at 100---200 k.Pa is 
most preferable to yield very large J i of 300---500 
A without spoiling the energy of the beam. The 
relation wH = 0 also gives V-I characteristic, and 
the result for the experiment is given in Fig.3. If 
we remind that the sum of the cathode and the 
anode drop ranges 10---30 V, the agreement is 
said to be satisfactory. 
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Fig.1 A schematic drawing of the arcjet. 
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Fig. 2 V-I characteristics of the MDL-1 
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Fig.3 Calculated E-1 characteristics by eq.(10). 
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